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Ons aHanusa MeauUMHCKMX CUrHarnoB, NOMNyYEHHbIX B pesynbTarte AUarHOCTUKKM, 4acTo MCMONb3YHoT
npeobpasoBaHne Pypbe. Ho B CBA3M C ero HegoctaTkamu no obpaboTke curHanoB C U3MEHSIOLLUMMMUCS
4YaCTOTHO-BPEMEHHLIMW NapameTpamn 6ornee nepcrnekTMBHLIM SBMSETCS UCMONb30BaHNe BEWBNET aHanusa
(wavelet analysis), a MMeHHO Tak HasbiBaemoro BewBrieT npeobpasoBaHus (wavelet transform), koTopoe
obnagaet HECOMHEHHbIMU MpenMyLLecTBamMu.

BOMbWWHCTBO MEANLIMHCKUX CUrHAnNoB MMEET CrOXHble YaCcTOTHO-BPEMEHHbIE XapakTepucTukm. Kak
NpaBuno, TakWe CurHanbl COCTOAT M3 OnM3KMX MO BPEMEHW, KOPOTKOXUBYLUMX BbICOKOYACTOTHbIX
KOMMOHEHTOB W OONTOBPEMEHHbIX, OMM3KMX MO YacTOTE HU3KOYACTOTHBIX KOMMIOHEHTOB.

[ns aHanusa Taknx CUrHamoB HYXeH MeTOA, CMOCOOHbIM obecneunTb xopollee paspelleHne u no
YyacToTe, M No BpeMeHu. [NepBoe TpebyeTca ANA nokanusauum HU3KOYACTOTHBIX COCTaBIAOLWNX, BTOPOE —
ONS paspeLUeHnst KOMMOHEHTOB BbICOKOW YacTOThl.

CuvrHan aHanuaupyeTcs nyteM pasfnoXeHus no 6asucHbiM (PyHKUMSAM, NOMYyYEHHbIM U3 HEKOTOPOro
npoToTMna. PyHKLUMA-NPOTOTMN Ha3bIBAETCA aHaNU3NPYOLWMM (MaTePUHCKUM) BEVBNETOM.

BenBneT dyHKLMA JOMKHA YOOBNETBOPSATL 2-M YCIOBUSIM:

1. CpepHee 3HayeHue (MHTerpan no Bcewn NpsiMoOn) paBHO HyrHO.

2. O®yHKUMs BbICTPO yobIBAET MpUt — =,

O6bIvHO, BemBneT pyHKUMa obo3HavaeTcs 6ykBom Y.

B obLiem cnyvae BenBreT npeobpasoBaHue yHKuun f(t) BeIrMaguT Tak:

W (x,s) = %fw *(t;x)f(t)dt (1)

roe t — ocb BpeMeHu, X — MOMEHT BpeMeHu, s — napameTp, obpaTHbln yactoTe, a (*) — o3HavaeT
KOMMMeKCHO-conpsbkeHHoe, f(t) — uccneayemobii curHan, W(x, s) — pesynbTtaT BevBneT npeobpasoBaHns Ans
napbl 3HAYEHUN X U S.

MaBHbIM 3rIEMEHTOM B BEWMBIET aHanun3e sBNSeTCst PyHKUMS BEMBNET (aHaNU3NpylLniA BENBIET).
HanbonbLuie nonynspHOCTbIO MOMb3YOTCA ABE U3 HUX, N300paXKeHHbIX Ha puc. 1.

1

Puc. 1. lNMpumepbl BEMBNETOB.

Ceepxy msobpaxeH BeuBner “combpepo” (Mexican Hat), HasBaHHbIN Tak ©narojaps cBoemy
BHelHeMmy Buay. Ha HwxkHen uyactu puc. 1 n3obpaxeH BenBnet Mopne. Npacduk nwoboro BensBneta
BbIrMAOUT NPUMEPHO Takke, Kak u dyHKkuMs Moprne. 3ameTum, 4yto BenBnet Moprne KOMMMEKCHO3HAYHbIN,
Ha pUCYHKe n306paxkeHbl €€ BelleCTBEHHAs N MHMMas CocTaBnsoLwme.

Utak, y Hac nmeetcsa HekoTtopas dyHkums f(t), 3aBucsAwan ot BpemeHu. PesynbtatoM ee BenBreT
aHanu3a Oyget HekoTopas dyHkumsa W(X, s), koTopasi 3aBUCUT yXKe OT ABYX NMEePEMEHHbIX: OT BPEMEHU 1 OT
yacToTbl (0OpaTHO MponopuMoHanbHO). [na Kaxaon napbl X U S BbIYMCIIEHNE BEWBRET npeobpasoBaHus
cnegylowmn:

1. BeuBnet yHKUUA pacTsarmBaeTcs B S pas o ropusoHTanu n B 1/s pa3s no sepTukanu.

2. [anee oH caouraeTcs B TOYKy X. [lonyyeHHas dyHKumnst obo3HavaeTcs kak Y(x, S).

3. [llpounssoguTcsa ycpegHeHne B OKPeCTHOCTM TOUKM S Npy nomMoLm Y(X, s).

B pesynbTate nonyyaetca BMOMHE HarnsgHas KapTuHa, UNMCTPUPYOLLAs YacTOTHO-BPEMEHHbIE
XapaktepucTukm curHana. o ocu abcumcc oTknagblBaeTcsl BpeMsi, MO OCU OpAuHaT — 4acTtoTa (MHorga
pasmMepHOCTb OCUM opauHaT BblbupaeTca Tak: log(1/s), roe s-yactota), a abconTHOE 3HayeHwe Bensnet
npeobpa3oBaHns AMsi KOHKPETHOW Mapbl X M S onpegenseT UBET, KOTOPbIM AaHHbIA pesynbTat Oyamer
oToOpakeH (4em B GonblUelr CTeNeHn Ta UM nHasd 4YactoTa NPUCYTCTBYET B CUrHamne B KOHKPETHbIA MOMEHT
BPEMEHM, TEM CBeTee/TeMHee ByaeT OTTEHOK).

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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Puc 2. BeneneT npeobpasoBaHme HECTALMOHAPHOrO curHana ¢ nomMmoLlbto Besneta Mopne.

KopoHapHasi 6onesHb cepdua (coronary artery disease, CAD) siBNsieTCS OCHOBHOM MPUYMHON
CMepT! B WHAYCTpPUanbHO pas3BUTbIX cTpaHax. MoaTomy paHHee BbisBneHne CAD cuuTaeTcs OgHUM K3
Ba)XHEWLUMX HanpaBleHUN KapAMOoNorMyeckux uccriefoBaHuin. PaspaboTaHO HECKONbKO AMAarHOCTUYECKUX
MEeTOAO0B, KOTOpble OENSATCS Ha WHBasuBHble (invasive) u HeuHBasuBHble (non-invasive). K uHBa3WBHbIM
OTHOCATCS:

- TannueBbIn TECT, NPX KOTOPOM MaumneHTy BBoauTcs Tannmuin-201 1 genaeTtcsi cepusi CHUMKOB B raMma-
nyyax;

- KkaTteTepu3auus, nNpy KOTOpOW 4Yepe3 Oonbluyld apTepuio K cepduy MOABOAWUTCS KaTeTep, M3 Hero
BbIMyCKAeTCs Kpacka, MOrmnowanwas pPeHTreHOBCKME Jy4u, Mocre 4Yero MnpOBOAMTCH PEHTIEeHOCKONUs
KOPOHapHbIX apTepuii.

K HeuHBasvMBHbIM MeTOOaM OTHOCATCA TPagWUMOHHBI OCMOTP CO CHATMEM aHaMHesa,
anekTpokapauorpacpmss n axokapaumorpadmst (ynbTpassykoBoe obcrnegoBaHune). B 3Tom cTatbe Mbl
CcoCpenoToYMMCs Ha ABYX NOCMeAHUX MeTOAax.

MN3BeCcTHO, 4YTO TypOYNEHTHOCTb KPOBOTOKA SIBMSIETCS MPUYMHOM 3BYKOB, aHanv3 KOTOPbIX MOXET
oKasaTbCs OYeHb MOSe3HbIM ANsl PaHHEro BbISIBNEHUST CepheyHblX aHomanuii. BaHyi uHopmauumto
COAEPXUT U U3MEHUYMBOCTb Yacmomabl cepOeyHbix cokpauweHuli (Heart Rate Variability, HRV). Nepeuncnum
OCHOBHble 0COBGEHHOCTU 3TOro curHana. Bo BpemeHHoW oGnactu curHan He sIBASIETCA HWU NEPUOONYECKUM,
HW MOSMHOCTLIO CrnyYarHbIiM. B 4acTOTHOM 06nacTu OH COCTOUT B OCHOBHOM W3 TpPeX CMeKTparibHbIX MUKOB:
BbicokovacTtotHoro (HF) nwmka B6nm3an 0,20 Ty, HmskovactotHoro (LF) - okono 0,1 Ty, wn
cBepxHuakoyactotHoro (VLF) nuka, HasbiBaemoro 1/f-kOMNOHEHTOM, TMOCKOSbKY €ro CcrekTpanbHas
amnnuTyga pacteT ¢ yoblBaHMEM YacTOThI.

lMpenBaputenbHble pesynbTaTel MPUMEHEHUs BEWBMET aHanm3a K 3TUM CurHanam BHyLIalT
ontummam. B cnyyae HRV oumdpoBaHHbIN CUrHan packnagblBaeTcsl Ha HECKOSTbKUX YPOBHSAX paspeLueHust.
Ha kaxxgom ypoBHe k03hpMUMEHTbI NpeacTaBnaT cobon feTanu, BO3HMKatoWmMe nNpy nepexoie U3 ogHoro
Macwtaba B Apyron. PerpeccuoHHbI aHanua nor-rnor-rpachnkoB Bapuauuu BerBrieT Ko3(pdULNEHTOB B
3aBMCMMOCTU OT MacluTaba ykasblBaeT Ha TO, YTO HAKIMOH rpachMKOB 3TUX CMIHaNOB pasfnnMyeH y 300pOoBbIX
nogen n y niogei ¢ MHOXECTBEHHLIMU KOPOHAPHBLIMWU OKKITHO3UsIMU. AHaNornyHele HabnoaeHus ykasbiBaoT
Ha TO, YTO CUrHanbl AMacTONUYECKOro cepaeyvyHoro ToHa B Hopme Gonee rnagkue, YeM y 6onbHbIX. Kpome
TOro, HEKOTOPbIE BbICOKOYACTOTHLIE KOMMOHEHTbI AUACTONMYECKOrO CEPAEYHOIO TOHA MOXHO, MO-BUAVMOMY,
accoummnpoBaTb C Hanu4mem KopoHapHon 6onesHn cepaua.

HepmaBHo F. Yang u W. Liao coobwunn o co3gaHum Teopetmyeckon mogenun curdHana HRV Ha
OCHOBe BeMBreT npeobpasoBaHus. XOTA MpeasiokeHHble MW MOAENb U pasfoXeHWe WMCMOoNb3yrTca Ans
MPOrHO3NPOBaHNSA OEVCTBUS rpaBMTaUMM Ha OPraHn3M fieTymKa, OHU Nerko aganTuUpyTCcsa A8 MeQULMHCKNX
uenen.

Takum o6pasom, uCMonb3oBaHME annapata BewBneT aHanu3a pgns obpaboTkm MeguuUHCKOM
MHopMaLMn ABNseTCs Havbonee NepcnekTUBHBLIM MO CPaBHEHUO C APYrMMU MeToAaMu, MMEHHO €ro
NCMNonb30BaHME MO3BOSIAET OOHAPYXWUTb KIOYEBbIE AMArHOCTUYECKME MPU3HAKU M MOMYyYUTb 4YacTOTHO-
BPEMEHHYH XapaKkTeEPUCTUKY UCCreayeMoro curHana.
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WAVELET ANALYSIS IN MEDICAL SIGNAL PROCESSING
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Mathematical transformations are applied to signals to obtain a further information from that signal
that is not readily available in the raw signal. | will assume a time-domain signal as a raw signal, and a signal
that has been "transformed" by any of the available mathematical transformations as a processed signal.
Most of the signals in practice, are TIME-DOMAIN signals in their raw format. That is, whatever that signal is
measuring, is a function of time. In other words, when we plot the signal one of the axes is time (independent
variable), and the other (dependent variable) is usually the amplitude. When we plot time-domain signals, we
obtain a time-amplitude representation of the signal. This representation is not always the best
representation of the signal for most signal processing related applications. In many cases, the most
distinguished information is hidden in the frequency content of the signal. The frequency SPECTRUM of a
signal is basically the frequency components (spectral components) of that signal. The frequency spectrum
of a signal shows what frequencies exist in the signal. Let's give an example from biological signals.
Suppose we are looking at an ECG signal (ElectroCardioGraphy, graphical recording of heart's electrical
activity). The typical shape of a healthy ECG signal is well known to cardiologists. Any significant deviation
from that shape is usually considered to be a symptom of a pathological condition.

This pathological condition, however, may not always be quite obvious in the original time-domain
signal. Cardiologists usually use the time-domain ECG signals, which are recorded on strip-charts to analyze
ECG signals. Recently, the new computerized ECG recorders/analyzers also utilize the frequency
information to decide whether a pathological condition exists. A pathological condition can sometimes be
diagnosed more easily when the frequency content of the signal is analyzed. The Wavelet transform is very
useful in such applications; it provides the time-frequency representation of the signal. Often times a
particular spectral component occurring at any instant can be of particular interest. In these cases it may be
very beneficial to know the time intervals these particular spectral components occur. For example, in EEGs,
the latency of an event-related potential is of particular interest (Event-related potential is the response of the
brain to a specific stimulus like flashlight, the latency of this response is the amount of time elapsed between
the onset of the stimulus and the response).

Wavelet transform is capable of providing the time and frequency information simultaneously, hence
giving a time-frequency representation of the signal. The frequency and time information of a signal at some
certain point in the time-frequency plane cannot be known. In other words: We cannot know what spectral
component exists at any given time instant. The best we can do is to investigate what spectral
components exist at any given interval of time. This is a problem of resolution, and it is the main reason
why researchers have switched to wavelet transform from short-term Fourier transform. It gives a fixed
resolution at all times, whereas wavelet transform gives a variable resolution as follows: higher frequencies
are better resolved in time, and lower frequencies are better resolved in frequency. This means that, a
certain high frequency component can be located better in time (with less relative error) than a low frequency
component. On the contrary, a low frequency component can be located better in frequency compared to
high frequency component. Thus, wavelet analysis is very promising in digital signal processing especially
for non-stationary signals where for better results we need both time and frequency information.




